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ABSTRACT 


4 This report describes a series of experiments by the Coast Guard | 
Oceanographic Unit in the study of small craft leeway. The report tabu~ 

lates the data collected during the experiments and reports on a pre- 

liminary analysis of the relationship between emall craft leeway speed 


and wind speed. This preliminary analysis indicates that leeway of boats 


less than 30 feet in length is about 6% of the wind speed at 20 to 30 


knots wind speed. 
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EXPERIMENTS IN SMALL CRAFT LEEWAY 


INTRODUCTION 


Leeway as described in the National Search and Rescue (SAR) Manual, CG-308, 


is the effect of wind on a drifting craft. There has long been an interest 
in providing better data for the computation of leeway in search planning. 
Early efforts in this area include the work of Woods Hole Oceanographic 

Institute ‘Pingree, 1944) on life raft leeway during World War II (fig. 1), 


and experiments conducted by Chapline (1959) in Hawaii (Table 1). The SAR 


More complete 


Manual, however, only presents leeway curves for life rafts. 


curves of leeway were recognized as a development which could improve search 


planning. Accordingly, in 1967 the Coast Guard Oceanographic Unit undertook 


to develop and conduct controlled experiments to measure small craft leeway. 


The persons most directly concerned with planning and carrying out these 


experiments include J. H. Seabrooke (1967 - 1968), R. C. Clasby (1967 - 1968), 


rene aera 


A. W. Garcia (1969 - 1970) H. B. Gehring (1970), R. Still (1970 - 1971), R. C. 


Murrell (1970 - 1971). These experiments began in January 1968 with the first 


search and Rescue Research (SARR) cruise. A total of three cruises were made 


The result of these cruises established guidelines to follow for 


that year. 


In June 1969 Barbados Oceanographic and Meteorological Experi- 


future cruises. 


ment (BOMEX) successfully utilized the established methods to obtain many hours 


Valuable data on a variety of drift 


of drift data on the 7-man life raft. 


objects were Collected during a series of cruises during the period January 


1970 to March 1971. The primary purposes of this report are to present the 


data collected on these cruises and to present a preliminary analysis, based 


on the January 1970 to March 1971 data, of the relationship hetween leeway and 


wind speed for various small craft. In 1975 this preliminary analysis, 


and similar work by the Coast Guard R&D Center, Groton, Conn, (Hufford and 
Broida, 1974) revealed that the tables found in CG 308 are suspect at mod- 
erate to high wind velocities, and confirmed that various types of survival 
craft have different leeway characteristics. 

DATA COLLECTION 

Since leeway is the motion of a floating object relative to the water, 

a particularly simple and effective way to collect leeway data is to track 
the trajectories of drifting craft relative to a surface current drogue. 
Additionally, tracking the current drogue relative to a fixed target or 
navigational fixes of the research vessel will yield information on the sur- 
face current- The drifting craft and surface current drogue used in these 
experiments are illustrated in figures 2 through 6. The drift objects were 
tracked by recording the ranges and bearings of the drift obiects and the 
current drogue. Range was measured by the ship's radar; bearing was measured 
visually (preferably) or by radar. Wind speed and direction were measured 
by the vessel's anemometer or a Bendix Frieze wind speed sensor. Data was 
collected normally every 20 minutes, although the period sometimes varied 
from this. Ship's speed and course were recorded from the engineering log 
and the gyro compass respectively. 

Model SST-119XA radar transponders manufactured by Motorola Inc. of 
Scottsdale, Arizona were installed on the drift objects and current drogue. 
The power pack consisted of two 12-volt DC lead acid batteries connected in 
series and attached to the transponder by Marsh and Marine connectors. To pro- 
vide visual identification in the dark, each object was fitted with a 
distinctive xenon flashing light, model 300-100R, manufactured by Guest 
Corp., W. Harford, Conn. The drifting craft were generally weighted with 


surplus anchor chain to simulate occupancy and missing machinery. 
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DATA REPORT 
General information on all the cruises carried out under this project 
are shown in Table 2. Apvendix 1 contains all the raw data collected on 
these cruises. These forms are basically self-explanatory, but for complete 
clarification, the columns are explained at the beginning of Appendix 1. The 
dataare also on file at the Coast Guard Oceanographic Unit in the form of com- 


puter cards in a similar format as Appendix l. 


PRELIMINARY LEEWAY VS, WIND SPEED GRAPH 

With the objective of preparing a preliminary leeway vs. wind speed 
graph for use in SAR,the data from five cruises were reduced as described 
below. 

First, leeway speed was computed trigonometrically from the change in 
displacement of the small craft relative to the surface current drogue 
during the observation period; then the observed leeway and the observed wind 
were used to compute leeway speed as a percent of wind speed. 

Finally, for each type of small craft, the observations were sorted into 
intervals centered on 2.5, 7.5, 12.5, 17.5, 22.5, and 27.5 knots, and the 
average leeway percent was found for each interval. The speed of leeway was then 
plotted against the wind speed in knots to attain the leeway of each type of small 
craft within the intervals, producing a series of graph segments (figure 7) which 
were then smoothed (figure 8) to produce the preliminary graph (figure 9). 
Figure 9 also shows the results of similar experiments conducted by the Coast 
Guard Research and Development Center (Hufford and Broida, 1974). The general 
agreement between the two sets of results, particularly for winds above 18 knots, 
is fairly good. The apparent relatively high leeway associated with low wind 


speeds might be an artificiality resulting from leeway speed data scatter remaining 


above a threshold value even when wind speed becomes quite low. 
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TABLE 1 


LEEWAY RATES (ADAPTED FROM CHAPLINE (1959)) 


TYPE OF BOAT LEEWAY AS PERCENT OF WIND 


Surfboards 2% 


Heavy displacement, deep draft 
sailing vessels 3% 


Moderate displacement, moderate 
draft sailing vessels and fishing 
vessels such as trawlers, trollers, 
sampans, draggers, seiners, tuna 
boats, halibut boats, etc. 


Moderate displacement cruisers 
Light displacement cruisers, 


outboards, planing hull types, 
skiffs, etc. 


TABLE 2 - SARR CRUISES 
DRIFT 
CRUISE VESSEL DATES LOCAT LON OBJECTS RESULTS 
SAR Research #1 USCGC 4-12 JAN Vicinity x 38 hr of 
EVERGREEN 1968 Nantucket Liferafts drogue 
Lightship intended observations 
but heavy 
weather 
prevented 
deployment 
SAR 9/68 uscGc 19-23 Vicinity x ~10 hr 
Research #2 EVERGREEN SEPT Nantucket 7 tracking 
1968 Lightship 20 drift 
objects 
SAR 10/68 USCGC 21-25 OCT Cape Cod v12 hr 
Research #3 EVERGREEN 1968 Bay ? tracking 
20 drift 
objects 
BOMEXC USCGC 22-29 17” 35°N x 160 hrs 
COURAGEOUS JUNE 54° 35'W 7 (83 hrs use- 
1969 BOMEX able) 
STATION BRAVO 
BOMEXL USCGC 11-15 1S" 23'N xX 83 hrs 
LAUREL JULY 56° 35'W ? 
1969 BOMEX 
STATION BRAVO 
ROSARR 1-70 USCGC 15-18 JAN 35N 72W xX 169 sampling 
ROCKAWAY 1¢70 100 mi east 7 periods of 
of Cape 16 20 minutes 
Hatteras each 
ROSARR 5-70 uscGc 5-10 MAY Argus Island xX 206 sampling 
ROCKAWAY 1970 Tower 22 mi 7 periods of 20 
SSW of Bermuda 16 minutes each 
EVSARR 9-70 USCGC 11-25 SEP 37N 71W xX 1539 sampling 
EVERGREEN 1970 125 mi east 7 periods vf 20 
of Cape 16 minutes each 
Hatteras 18 
EVSARR 12-70 USCGC 4-12 DEC Argus Island X 394 sampling 
EVERGREEN 1970 Tower 22 mi 7 periods of 20 
SSW of Bermuda 16 minutes each 
18 
30 
EVSARR 2-71 USCGC 25 FEB - Argus Island xX 939 sampling 
EVERGREEN 4 MAR Tower 22 mi 7 periods of 20 
1971 SSW of Bermuda 16 minutes each 
18 
30 
Drift Objects: X - Surface Current drogue 30 - Thirty foot wooden boat 
1 - One man life raft hull 
7 - Seven man life raft 
16 - Sixteen foot plastic boat hull 
18 - Eighteen foot plastic boat hull e 


20 - Twenty man life raft 
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Table 2 (continued) 


The drift craft in all cases, except for the rafts, are presumed not to have 


been attached to a sea anchor. For the rafts, on 5 of 8 cruises there is a 
definite statement that the rafts were attached to sea anchors; on the other 
3 cruises there is no definite statement. It is presumed that the rafts were 


attached to sea anchors in all cases. 


WIND SPEED (KNOTS) 


WITHOUT 
DROGUE 


WITH 
DROGUE 


2 4 6 8 10 12 


LIFE RAFT ORIFT AS PERCENTAGE OF WIND SPEED 
(ADAPTED FROW PINGREE 1944) 
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Figure 2—SURFACE CURRENT DROGUE. 
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Figure 4—SIXTEEN FOOT OUTBOARD MOTOR BOAT. 
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Figure 5—EIGHTEEN FOOT MOTOR LAUNCH. 
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Figure 6—THIRTY FOOT UTILITY BOAT. 
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Appendix 1 
This appendix contains a listing of the observational data used in 


technical report. 
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APPENDIX 2 


A program description with abbreviated documentation and a program 


listing with typical outputs are found in this appendix, All computations 


were done using PROGRAM RAFTL. 


Pe So. ee se 


Name: RAFTL 
Programmer: CDR C. W. MORGAN 

Originator: CDR C. W. MORGAN 

Date: 8 June 1977 


Purpose: The function of this program is to aid the oceanographer/engineer 
in evaluating the quality of leeway angle and leeway factor observations. 


Machine: CDC 3300 


Source Language: FORTRAN 


Description: Leeway is the movement of a drifting object relative to the 
water. Leeway angle is the angle between wind direction (toward) and leeway 
direction. Leeway factor is the ratio of leeway speed to wind speed. Program 
RAFTL exists to compute true wind speed and direction, leeway angle, and 
leeway factor from sequential observations of time, range and true bearing 

a current drogue, range and true bearing of a drift object, ships course and 
speed, and relative wind direction and speed. The program outputs line 
printer graphs of geographic displacement of the drift object relative to the 
drogue, leeway angle vs time, leeway factor vs time, leeway angle vs wind 
speed, and leeway factor vs wind speed. 


The program basically proceeds as follows: 
1. Read in data for each observation 


2. Computes the true wind from the ships course and speed and relative 
wind direction and speed. 


3. Computes the distance between the drogue and drift object using 
their ranges and bearings. 


4. Computes leeway direction and speed from the change in position 
of the raft relative to the drogue during a 6 hour interval. 


5. Computes the average vector wind direction and speed during a 
6 hour interval. 


6. Computes leeway angle. 


7. Prints out and punches cards for: 


a. Time at the beginning of the 6 hour interval 


sibs abeain i . f ee eT a eT ee si a . g err 
nn te — yg ni nm a tp die cggeinnn sae ttle epmenegenee ener dee ie a ie 


b. Average vector wind direction (toward) and speed (knots) 
during the interval. 


c. Leeway direction and speed (knots) during the interval. 
d. Leeway angle (+ to right, - to left) and factor. 
B | 8. Prints out individual observation data 
a. Observation time 
q b. X and Y component of true wind 
c. X and Y components of distance from drogue to drift object. 
4 d. Drogue range and bearing 
e. Drift object range and bearing 
| f. Relative wind direction (from) and speed 
: g. Ship heading and speed 


; 9. Computes the counter of the observations on which plotting 
symbols are to change. 


10. Calls plot subroutine for line printer plots. 


All calculations are based on elementary kinematics and trigonometry. 


—— 9 ci EK SL ee a ce = <= * = a se 


ee ae ee 


USAGE: The program deck is set up as follows: 


$JOB, 42483 ,RAFTL-SE,2,2000,500 
$SCHED ,CORE=40, TIME=1,CLASS=C 


SMAP=N 
SFTNU (X) 

| 

Program RAFTL 
Subroutine CARTM 
Subroutine CIRCM 
Subroutine PLOTA 

FINIS 

SOBJ,LGO 


Observations in interval card, INTV. (This card gives the number of 
observational intervals in the 6 hour interval e.g. for 15 minute 
observations INTV=24, for 20 minute observations INTV=18.) 

Data Identifier Card (40 column free (A) format.) 


Input Data Cards 


ae ee 


Col Data 
3-6 Time (hours and minutes) 

16-20 Range to drogue (YARDS) 

21-23 Bearing to drogue (°T) 

25-29 Range to drift object (YARDS) 

30-32 Bearing to drift object (°T) 

70-72 Relative wind direction (°R) relative 

| to ships head 
73-74 Relative wind speed (knots) 

75-77 Ship's head (°T) 

78-79 Ship's speed (knots) 


9999 card in columns 3-6 
Continuation card (in columns 1 and 2; use 01 if more runs follow, 
use 02 if last run) 


Additional sets of Nata Tdentification Cardy Input Data Cards, and 
9999 card, and Continuation Card as required ; 
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RESTRICTIONS: 


1) RAFTL was designed for an analysis interval of 6 hours. 


2) Relative wind must be in degrees relative to ships head. 
If the relative wind is in °T, then line 26 must be changed to 
AG = RWD(I). 


3) The input format for drift object range and bearing was specifically 
designed for the data cards for SARR cruises to read the 7 man raft data. 
Since these cards also contain data on other drift objects the input format 
can be easily changed to accomodate them. 


4) RAFTL was designed to handle range and bearing inputs in yards 
and °T. 


5) There must be exactly INIV observations intervals per 6 hour 
interval. If wind data is missing it must be estimated or the program 
invalidly assumes calm conditions. 


6) If drogue and/or drift object data is missing insert 999 in the 
input bearing field of either. This will cause outputs of 99999. in drogue 
to drift object X coordinate, in leeway direction, leeway speed, leeway 
angle, and leeway factor. Later, in PLOTA a value of 99999. in either X 


or Y array will cause that X, Y pair to be skipped in the plotting subroutine. 


7) RAFTL is set up to change plotting symbol after every tenth data 
point. 


8) The program is free standing. 
Storage requirements: See attached MAP. 
Subroutines required: PLOTA 


CARTM 
CIRCM 
Operational Environment: 
Device Function Special Requirements 
Card reader input none 
Line printer output none 
Card punch output none 


Operational characteristics: See Description. 


Errors and Diagnostics: None used 


References: For more on application of program see report by C. W. Morgan 
on "Observations of Leeway Angle and Leeway Factor for 7 Man Rafts." 


Name: Subroutine CIRCM 
E | Programmer: D. D. Frydenlund, Modified by C. W. Morgan 
Originator: D. D. Frydenlund 
Date: 8 June 1977 
Purpose: To convert from rectangular to geographic polar coordinates 
Machine: CDC 3300 


Source Language: FORTRAN 


Description: This subroutine simply converts from rectangular coordinates 
(X positive east; U positive north) to geographical polar 
coordinates (0° - 360°, clockwise, 0° = north). 

USAGE: CIRCM (XI, YI, BRGI, DISI) 


XI Rectangular coordinate positive to east 


a yea en ee 


YI Rectangular coordinate positive to north 
BRCI Geographical polar coordinate for angle 
DISI Geographical polar coordinate for distance 

Restrictions: None 

Storage Requirements: See Map attached to program RAFTL 

Subroutines Required: None 

Operational Environment: Not applicable 

Operational Characteristics: See Description 

Errors and Diagnostics: None 


References: None 


Subroutine CARTM 


NAME: 


Programmer: D. D. Frydenlund, Modified by C. W. Morgan 


Originator: D. D. Frydenlund 


8 June 1977 


Date: 


Purpose: To convert from polar geographic coordinates to rectangular 
coordinates. 


cDC 3300 


Machine: 


Source Language: FORTRAN 


Description: This subroutine simply converts from geographical polar 
coordinate (0° - 360°, clockwise, 0° - north) to rectangular coordinates 
(X positive east; Y positive north) using elementary trignometry. 


USAGE: 


CARTM (ANG, DIST, X, Y) 


ANG Geographical polar coordinate for angle 


See re eee 


DIST Geographical polar coordinate for distance 


X Rectangular coordinate positive to east 


¥ Rectangular coordinate positive to north 


Restrictions: None 


See Map attached to program RAFTL 


Storage Requirements: 


Subroutines Required: None 
Not applicable 


Operational Environment: 
Operational Characteristics: See Description 
Errors and Diagnostics: None 


None 


References: 


NAME: Subroutine PLOTA 


Programmer: J. H. Discenza, Modified by C. W. Morgan 
Originator: J. H. Discenza 
Date: 8 June 1977 


Purpose: The purpose of this subroutine is to plot an array of X data vs 
an array of Y data on the line printer. 


Machine: CDC 3300 


Source Language: FORTRAN 
Description: Sw yroutine PLOTA basically functions as follows: 


1) Finds boundary values for the X and Y arrays. 


2) If the X and Y scales are to be unequal, they are simply scaled 
by the numbers of spaces in the X and U plot fields, 100 and 54 respectively 


3) If the X and Y scales are to be equal, the appropriate scaling 
is carried out (lines 33 - 42). 


4) X-Axis labeling array is generated. 


5) Each of the 55 lines in the interior of the plot is then generated 
and printed. Before the first line and after the last line, labels and 
axes are printed. In generating each line of print, all spaces are set 
blank, then the data points falling within the Y interval of the line are 
sorted out and the appropriate plotting symbol replaces the blank at each 
X interval within which an X value falls. Twenty six plot symbols are 
available. The appropriate plot symbol is assigned during the Y-sort. 


USAGE: 


PLOTA (XRAY, YRAY, NOPTS, NOPER, IOP) 


XRAY The array of X values . 
YRAY The array of Y values 

NOPTS Number of points in X or Y array 

NOPER Array of successive, cumulative, cutoff points 


in data array after which a character change is desired 
in the plot. The value of the last NOPER should equal 
NOPTS 


IOP An option for the equality of the plotting axes. I0P=1 
will give a plot in which 1 unit length on the X axis 
equals 1 unit length on the Y axis. I0P=2 will scale 
the axes so that the plot fills both axes. 
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Restrictions: None 


Storage Requirements: 
Subroutines Required: 


See Map attached to program RAFTL 


None 


Operational Environment: Not applicable 


Operational Characteristics: See Description 
Errors and Diagnostics: None 


References: None 
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